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Objective: Synovitis with an increased presence of macrophages is observed in osteoarthritis (OA) and
rheumatoid arthritis (RA). Given the important role of macrophages in arthritis, we investigated the
inﬂuence of OA and RA synovial ﬂuid (SF) on primary human monocytes (Mo), their lineage precursors.
Method: Adherent monocytes without any stimulation (Mo()) or stimulated with IFN-g and TNF-a
(Mo(IFN-g/TNF-a)) or IL-4 (Mo(IL-4)) were exposed to SF from 6 donors without any known joint disease
(SF-Ctrl), 10 OA donors (SF-OA), and 10 RA donors (SF-RA). The transcriptional expression of IL6, IL1B,
TNFA, IL10, CCL18, CD206, and IL1RA was analyzed.
Results: Mo() exposed to SF-RA had a lower expression of IL10 and a higher expression of IL1RA than
when exposed to SF-Ctrl. Mo(IL-4) exposed to SF-RA had a lower expression of IL10 and CCL18 than when
exposed to SF-Ctrl and Mo(IFN-g/TNF-a) were not affected by SF-RA. Mo exposed to SF-OA also expressed
less IL10, but only upon stimulation with IL-4, and expressed more IL1RA than when exposed to SF-Ctrl in
any condition.
Conclusion: A lower expression of IL10 may be regarded as a response to less inﬂammatory conditions
since IL10 expression is higher in response to IFN-g/TNF-a stimulation, probably as a feedback mecha-
nism. Therefore, the lower expression of IL10 and the higher expression of IL1RA in Mo exposed to
arthritic than to non-arthritic SF suggest that arthritic SF is mainly reducing the inﬂammatory responses
in Mo. This may mimic the response of monocytes/macrophages recruited to the joint, where feedback
mechanisms counteract pro-inﬂammatory processes.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) and rheumatoid arthritis (RA) are wide-
spread pathologies, which severely affect patients’ quality of life.
Despite speciﬁc clinical features clearly distinguishing OA and RA,
synovial inﬂammation is observed in different degrees in both
pathologies1,2. Indeed, synovitis, which causes joint swelling andY.M. Bastiaansen-Jenniskens,
ds. Tel: 31-10-7044626; Fax:
S. Lopa), m.leijs@erasmusmc.
t (M. Moretti), e.lubberts@
.nl (G.J.V.M. van Osch), y.
ens).
ternational. Published by Elsevier Lexudation in RA, can be observed also in OA, with arthritic syno-
vium showing a mixed inﬂammatory inﬁltrate mainly consisting of
macrophages1,2. The synovium of OA and RA patients contains both
pro- and anti-inﬂammatory macrophages3 and, depending on the
patient, OA synovium seems to have a superior presence of anti-
inﬂammatory macrophages compared to RA synovium4.
The key role of macrophages in RA and OA has been suggested
by the efﬁcacy of drugs counteracting TNF-a in RA patients5 and of
treatments inhibiting monocyte (Mo) migration in adjuvant-
induced arthritis in rats6, as wells as by studies demonstrating
the involvement of synovial macrophages in experimental OA7.
The central role of macrophages in OA and RA prompted us to
investigate the response of Mo, their lineage precursors, to the joint
environment. Mo are recruited to the joint and migrate through
synovial blood vessels to the synovium, where they differentiatetd. All rights reserved.
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the ones contained in synovial ﬂuids (SFs) from OA and RA joints,
which are characterized by increased levels of pro-inﬂammatory
mediators, such as IFN-g and IL-1b5,8e10.
We hypothesized that in vivo arthritic SF inﬂuences monocytes/
macrophages recruited to the joint, modulating the production of
inﬂammatory mediators. To test this hypothesis, we investigated
the effect of SF from OA and RA donors (SF-OA and SF-RA) on the
transcriptional expression of human primary Mo either non-
stimulated or stimulated with IFN-g and TNF-a or IL-4. SF from




Buffy coats were obtained from three healthy blood donors
(Sanquin Bloodbank, Rotterdam, the Netherlands) and Mo were
isolated from peripheral blood mononuclear cells by CD-14 based
magnetic cell sorting (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany)3.
Mo from 3 donors were pooled, seeded at 5  105 cells/cm2 and
cultured in X-vivo™ 15 (Lonza, Verviers, Belgium) with 20% FCS
(Lonza), 1.5 mg/ml fungizone and 50 mg/ml gentamycine (Gibco,
Carlsbad, CA, USA). Mo were cultured without any stimulation or
stimulated with 10 ng/mL IFN-g and 50 ng/mL TNF-a or with 10 ng/
mL IL-4 (all from PeproTech, Rocky Hill, NJ, USA). Mo cultured in
these different stimulating conditions will be referred to as Mo(),
Mo(IFN-g/TNF-a), and Mo(IL-4) respectively, in line with the recent
paper of Murray et al11.
Exposure of monocytes to synovial ﬂuid
SF-Ctrl was obtained post-mortem from donors without any
known joint disease, within 24 h from death (n ¼ 6, 3 males, 3
females, 65 ± 8 years; Articular Engineering, Northbrook, IL, US).
SF-OA was obtained from end-stage OA patients undergoing total
knee replacement (n ¼ 10, 5 males, 5 females, 66 ± 10 years;
Erasmus MC protocol #MEC-2004-322). SF-RA was obtained from
RA patients with active knee inﬂammation (n ¼ 10, 4 males, 5 fe-
males, 50 ± 13 years, gender and age of one donor were unknown;
Erasmus MC protocol #MEC-236.904-2003-255). SF-OA and SF-RA
were obtained from patients as anonymous left-over samples, ac-
cording to the Federation of Biomedical Scientiﬁc Societies guide-
lines (http://www.federa.org). After aspiration, SFs were
centrifuged to remove debris and supernatants were stored
at 80C.
Mo were cultured without stimulation or with IFN-g/TNF-a or
IL-4. After 12 h, some samples were harvested for gene expression
analysis (n¼ 3). Other samples were maintained in culture without
SF (n ¼ 6) or exposed to the different SFs replacing the medium
with medium containing 50% SF (V/V). IFN-g/TNF-a or IL-4 were
maintained as supplements in Mo(IFN-g/TNF-a) and Mo(IL-4)
samples through the entire experiment, for an additional 12 h.
Samples were then harvested for gene expression analysis.
Gene expression analysis
RNA was isolated and gene expression analysis was performed
as previously described3. GAPDH was used as housekeeper gene12.
Based on our previous studies3,12, pro- and anti-inﬂammatory
markers were analyzed: IL6, TNFA, CD206, CCL18. Additionally, we
analyzed IL1B (Fw:CCCTAAACAGATGAAGTGCTCCTT, Rev:GTAGTCG-
GATGCCGCCAT), IL10 (Fw:ACCTGCCTAACATGCTTCGAG,Rev:CCAGCTGATCCTTCATTTGAAAG), IL1RA (Fw:AACAGAAAGCAGGA-
CAAGCG, Rev:CCTTCGTCAGGCATATTGGT) (all from Eurogentec).
Relative gene expression was calculated using the 2DCT method3.
Statistical analysis
Comparison among multiple experimental groups (no SF, SF-
Ctrl, SF-OA, SF-RA) within single stimulating conditions (Mo(),
Mo(IFN-g/TNF-a), Mo(IL-4)) was performed by Kruskal-Wallis test.
Pair-wise analysis between groups was performed by Man-
neWhitney test with Bonferroni correction for multiple compari-
sons. Statistical signiﬁcance is indicated in the graphs as non-
categorized P-values.
Results
Gene expression was analyzed after 12 h to verify Mo activation
(Fig. 1). IL6, IL1B, and TNFAwere higher in Mo(IFN-g/TNF-a) than in
Mo(IL-4) [Fig. 1(a)e(c)], whereas CCL18, CD206, and IL1RA were
higher in Mo(IL-4) than in Mo(IFN-g/TNF-a) [Fig. 1(e)e(g)]. IL10
was higher in Mo(IFN-g/TNF-a) than in Mo() and Mo(IL-4)
[Fig. 1(d)]. Similar results were obtained after 24 h in the
different conditions (Fig. 2, no SF).
Exposure to arthritic SF modiﬁed Mo morphology. Mo exposed
to SF-OA and SF-RA were more elongated and displayed superior
clusterization than Mo without SF or with SF-Ctrl, independently
from their activation [Fig. 2(a)].
IL6 and IL1B showed similar gene expression trends [Fig. 2(b),(c),
no SF]. Mo(IFN-g/TNF-a) expressed more IL6 and IL1B than Mo()
and Mo(IL-4). No difference was observed between Mo cultured
without SF or exposed to SF in any stimulating condition.
Also TNFA was higher in Mo(IFN-g/TNF-a) than in Mo() and
Mo(IL-4) [Fig. 2(d), no SF]. Differently from IL6 and IL1B, TNFA
expression in Mo(IFN-g/TNF-a) was affected by the exposure to
arthritic SF. Speciﬁcally, Mo(IFN-g/TNF-a) exposed to SF-OA and SF-
RA expressed less TNFA than Mo(IFN-g/TNF-a) without SF.
IL10was higher in Mo(IFN-g/TNF-a) than inMo() andMo(IL-4)
[Fig. 2(e), no SF]. Exposure to any SF did not induce signiﬁcant
variations in IL10 in Mo(IFN-g/TNF-a). Differently, Mo() and
Mo(IL-4) exposed to SF-Ctrl expressed more IL10 than Mo in the
same stimulating condition without SF. Furthermore, exposure of
Mo() to SF-OA and exposure of Mo(IL-4) to SF-RA resulted in
higher IL10 compared to Mo in the same condition without SF.
Finally, comparing arthritic with non-arthritic SF, lower IL10 was
measured in Mo() with SF-RA than in Mo() with SF-Ctrl. A
similar result was obtained also in Mo(IL-4), where exposure to
both SF-RA and SF-OA resulted in lower IL10 compared to Mo with
SF-Ctrl.
CCL18was higher in Mo(IL-4) than in Mo() and Mo(IFN-g/TNF-
a) [Fig. 2(f), no SF]. Exposure to SF-Ctrl and SF-OA did not induce
signiﬁcant variations in CCL18 in any stimulating condition.
Otherwise, exposure to SF-RA always resulted in lower CCL18
compared to Mo without SF. Additionally, comparing arthritic with
non-arthritic SF, Mo exposed to SF-RA expressed less CCL18 than
Mo with SF-Ctrl, but only when stimulated with IL-4.
CD206was lower in Mo(IFN-g/TNF-a) than in Mo() and Mo(IL-
4) [Fig. 2(g), no SF]. In all the stimulating conditions, CD206 was
more expressed in Mo exposed to SF-Ctrl than in Mo without SF.
Higher CD206 was also induced by exposure to SF-RA compared to
Mowithout SF, but only inMo() andMo(IFN-g/TNF-a). Finally, Mo
exposed to SF-OA expressed more CD206 than Mo without SF, but
only upon IL-4 stimulation.
IL1RA was more expressed in Mo(IL-4) than in Mo() and
Mo(IFN-g/TNF-a) [Fig. 2(h), no SF]. In all the stimulating conditions,
Mo exposed to SF-Ctrl expressed less IL1RA than Mo without SF.
Fig. 1. Activation of primary human Mo by different stimulating conditions. After isolation, adherent Mo were cultured without any stimulation or stimulated with IFN-g/TNF-a or
with IL-4 for 12 h (aeg) Transcriptional expression of IL6, IL1B, TNFA, IL10, CCL18, CD206, and IL1RA. Relative gene expression normalized to GAPDH is presented as aligned dot plot
with mean. Black, red, and blue dots indicate respectively data from Mo(), Mo(IFN-g/TNF-a), and Mo(IL-4).
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Mo exposure to arthritic SF in any condition. When comparing
arthritic with non-arthritic SF, Mo exposed to SF-OA always
expressed higher IL1RA compared to Mo with SF-Ctrl. Mo exposed
to SF-RA also expressed more IL1RA than Mo with SF-Ctrl, but only
when cultured without IFN-g/TNF-a and IL-4.
Discussion
Synovitis and an increased number of synovial-resident mac-
rophages are common features of OA and RA1,2 and several studies
have demonstrated the key role of macrophages in joint inﬂam-
mation5e7. We hypothesized that the signals typical of pathological
joints5,8,9 can inﬂuence the phenotype of monocytes/macrophages
recruited to the joint. To test this hypothesis we exploited an in vitro
model evaluating the response of differentially activated Mo to
non-arthritic and arthritic SF. We found that SF from OA and RA
patients can inﬂuence Mo transcriptional expression and that
arthritic SF is mainly reducing the inﬂammatory responses
compared to non-arthritic SF.
Among the analyzed genes, IL10 and IL1RAwere mostly affected
by the exposure to SF and the effect depended on the pathological
state of the joint of origin. IL-10 is an anti-inﬂammatory cytokine
that we found to be transcriptionally induced in response to IFN-g/
TNF-a, probably as a feedback mechanism to counteract the pro-
inﬂammatory stimulation. Mo() and Mo(IL-4) exposed to SF-Ctrl
expressed more IL10 than Mo(IFN-g/TNF-a) without SF. IL10 was
lower in Mo(IL-4) exposed to SF-OA and SF-RA than to SF-Ctrl. This
difference was also found in Mo(), but only when comparing
Mo() exposed to SF-RA and to SF-Ctrl. Thus, our data suggest that
Mo reduced their pro-inﬂammatory response when exposed to SF-
OA and SF-RA compared to when exposed to SF-Ctrl. IL-10 is pro-
duced by RA and OA synovium and can be detected in synovial
biopsies from OA and RA patients, but not in normal synovium13.
The presence of IL-10 in SF-OA and SF-RA may explain why in ourexperiments IL10 expression was lower in Mo exposed to arthritic
SF than to non-arthritic SF. This interpretation may appear in
contrast with a previous study showing that IL-10 induces its own
transcriptional expression in monocyte-derived macrophages14.
However, this study also demonstrated that in the presence of pro-
inﬂammatory stimuli IL-10 reduces the expression of its own
gene14. Hence, the simultaneous presence of IL-10 and other pro-
inﬂammatory mediators in SF-OA and SF-RA could explain our re-
sults. The differences in IL10 observed when culturing Mo() and
Mo(IL-4) with SF-OA and SF-RA did not occur in Mo(IFN-g/TNF-a),
probably due to the strong increase of IL10 transcription induced by
the pre-activation and continuous stimulation with IFN-g/TNF-a.
The expression of IL1RA was lower in Mo(IFN-g/TNF-a) and
higher in Mo(IL-4). In all the conditions, Mo exposed to SF-Ctrl
expressed lower levels of IL1RA than Mo in the same condition
cultured without SF, suggesting that non-arthritic SF may contain
some mediator counteracting IL1RA transcription. On the other
hand, in all the stimulating conditions, Mo exposed to SF-OA and
SF-RA expressed similar levels of IL1RA compared toMo in the same
condition without SF. Furthermore, the exposure of Mo(IL-4) to
some SF-OA and SF-RA samples resulted in a strong expression of
IL1RA, which may depend on the interaction of IL-4 with other
soluble mediators, as previously reported for IL-4 and TNF-a15.
Mo() exposed to SF-OA and SF-RA expressed IL10 and IL1RA
levels similar to Mo(IFN-g/TNF-a) without SF, whereas Mo()
exposed to SF-Ctrl expressedmore IL10 and less IL1RA thanMo(IFN-
g/TNF-a) without SF. Similar trends in response to SF were
observed in Mo(IL-4), with the difference that CCL18 expression
was lower upon exposure to SF-RA than to SF-Ctrl. In Mo(IFN-g/
TNF-a) exposure to any type of SF did not strongly affect gene
expression, indicating that Mo pre-activated by inﬂammatory
stimuli may not be very much inﬂuenced by joint pathology.
The variations observed in this study are likely due to the
complex interaction of multiple cytokines contained in SF. The
higher protein and lipid content reported for arthritic SF may also
Fig. 2. Effect of non-arthritic and arthritic SF on primary human Mo. After 12 h in different stimulating conditions, Mo were cultured for an additional 12 h without any SF or with
SF-Ctrl, SF-OA, or SF-RA. (a) Representative pictures of Mo cultured without SF or exposed to SF-Ctrl, SF-OA, and SF-RA (magniﬁcation 10X). (beh) Transcriptional expression of IL6,
IL1B, TNFA, IL10, CCL18, CD206, and IL1RA. Relative gene expression normalized to GAPDH is presented as aligned dot plot with mean, whereby each dot represents data from Mo
exposed to SF from a different donor. Black, red, and blue dots indicate respectively data from Mo(), Mo(IFN-g/TNF-a), and Mo(IL-4).
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was not tested in our studywhere, to better reproduce the situation
that Mo encounter in the joint (i.e., SF with different protein/lipid
content depending on the pathological state), a ﬁxed volume of SF
was used.
In conclusion, SF can inﬂuence the behavior of Mo depending on
the pathological state of the joint and on Mo activation. It even
seems that arthritic SF is mainly reducing the Mo inﬂammatoryresponses compared to non-arthritic SF. This may mimic the
monocyte/macrophage situation in the joint, where feedback
mechanisms counteract the ongoing pro-inﬂammatory processes.
Further investigationwith a higher number of SF samples might
minimize the bias related to inter-donor variability. Moreover,
neutralization experiments and in vivomodels will help to identify
the soluble mediators responsible for the observed effects. We
envision that these ﬁndings will provide indications to design new
S. Lopa et al. / Osteoarthritis and Cartilage 23 (2015) 1853e1857 1857therapeutics able to inﬂuence the phenotype of monocytes/mac-
rophages recruited to arthritic joints.
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